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This study of the IOOvement of thickness lines of differential
analysis in relation to the 700 mb. winds was conducted at the U. S.
Naval Postgradua~e School, Annapolis, U3.ryland during the academic
year 1947 - 1948. The purpose was to obtain forecasting rules based
on the 700 rob. vdnis for the preparation of upper air prognostic charts
and to study the IOOvements of thickness lines vthen non-advective
influences were present.
I wish to acknowledge the valuable assistance and constructive
criticism given to me during this investigation by Asst. Professor
George J. Haltiner and other members of the staff of the Department of
Aerological Engineering, U. S. Naval Postgraduate School.
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Summary: This investigation considers the role of the 700 mba
winds in the movement of thickness lines of differential analyses
between the 1000 mb. and 700 mb. constant pressure surfaces. A series
of fifty-five 12-hour prognostic charts for the month of November, 1947
were constructed using the normal component of the 700 mb. winds for the -
speed of movement of the thickness lines. Prognostic charts were then
compared to the a.ctual charts and the results tabulated.
Charts based on the vector average of the winds at the beginning
and at the end of the period .were also constructed and compared to the
observed data. Results have been divided into cases of north and south
advection, with and without precipitation. The movement of thickness
lines 'was found to be closely related to the '\'linds at the 700 mba level
at low and moderate velocities, except in areas of precipitation.
During 1944, S. Pettersen gave a series of lectures which clearly
showed the advanta~ of constant pressure charts and differential
analyses over other types of upper air a.nalyses. At that time, it was
decided to adopt this lOOthod in the United States. The basic theory has
been known for 801m time and my be found in a number .of publications.
However, it was not widely used. The development of this type of ana.lysis
was greatly accelerated by World War II, during which it was successfully
used in preparing weather forecasts for military operations in Europe.
Differential analysis provides a powerful tool for making a three
dirrensional analysis of the atmosphere. The ease with which it nay be
made is one of the most important features of constant pressure charts.
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The "thickness patternll , consisting of lines of constant vertical
distance between two pressure surfaces, can be accurately and quickly
obtained by graphical methods. It can easiJy be shown that these thick-
ness lines are also lines of mean virtual temperature and of mean
density for the layer (2).
Differential analyses for the ti'to successive periods will show that
these thickness lines seldom remain stationary. In general, they move
in the direction of the winds contained in the layer between the two
pressure surfaces. Since the mean virtual temperature of a deep layer
of air is fairly conservative, and since thickness lines are also lines
of constant mean virtual temperature, the height between two pressure
surfaces will also tend to be conserved.
For the preparation of prognostic surface charts, a knowledge of
the expected movement of the thickness lines, or changes in patterns,
can be very useful. A forecasted change in the thickness pattern aloft
will have a direct bearing on the synoptic situation. For instance, an
increase in the thickness line gradient in an area may indicate a region
of frontogenisis. If a front is present, this increase in gradient Vlill
indicate an intensification of that frontal surface. Conversely, a
decrease in gradient shows a weakening of the frontal discontinuity.
Moreover, the orientation of these lines is indicative of the direction
of movement of surface systems. Hence any change in the orientation of
the thiclmess lines during the forecast period will affect the movements
on the surface chart. Finally, the gradient of the thickness lines in an
air mass may be used as a qualitative guide to the expected changes of
temperature when that air mass moves into a locality.
The surface and uppex:-air analyses must be in agreement and consistant
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with one another at all times. In this respect, the correct
prognostication of thickness" patterns can be of inestimable value
in linking the movements of surface and upper air systems a.nd checking
\
the IInltual consistency of the various prognostic charts. In this way,
one may easily visualize the three di.rrensional changes occurring during
the forthcoming period.
The thickness of a deep layer of air, however, is not strictly
conservative. Physical and dynamical changes are continually affecting
the mean temperature of a layer of air. In turn, the apparent movement
of thickness lines will be affected. The factors which may cause this
include vertical motions, exchange of heat with the underlying surface,
ra.diation, and the liberation of latent heat.
In general, the effects of these physical processe"s are difficult
to measure for forecasting purposes. While it is realized that the
factors mentioned above may have a large influence at times, and can
hardly be ignored, the amount of work necessary for even a rough approx-
imation of their magnitude makes it impracticable for use in preparing
forecasts. This paper attempts to study only the role of horizontal
winds on the movement of thickness lines since these winds are easily
measured, and the movements of thickness lines easily ascertained.
Sutcliffe r S rule (1) for the movement of thickness lines states
that these lines will move appro:xinately ?lith the speed of the normal
component of the geostrophic wind in the contained layer. Since the
winds in the atmosphere are rarely geostrophic, this rule has been
modified to the extent tha.t the thickness lines may be thought to lOOve
with the speed of the normal component of the vector average of the




In this study, the month of November, 1947 was selected. It was
thought that whatever may be true regarding the role advection plays
in the movement of thickness lines for this month should also apply to
the fall, winter, and spring periods.
In addition to strong advection, there occurs in November, (a)
considerable heating of an air mass from below, (b) a sufficient number
of cold outbreaks from the north, and deep lows moving from the south
with attendant widespread precipitation, and (c), large, high pressure
areas in which subsidence takes place. In short, there should be
present dUring this period all the processes which can affect the
transport of thickness lines. With these factors present, this study
attempts to separate from the others, the role of horizontal winds on
the movement of thickness lines. The difference between the wind speeds
and the thickness line speeds nay be attributed to these other processes.
- For each day of the month, two differential analyses were made.
The morning analysis used the 0730 (EST) surface chart for the 1000 mb.
heights and the 1100 (EST) 700 rob. chart. The evening analysis consisted
of the 1930 (EST) surfa.ce chart and the 2300 (EST) 700 rob. chart. In
each case, graphical subtraction of the heights of the contours of the
1000 mh. and 700 rob. charts yielded the thickness pattern. This time
difference between the surface and upper air charts was necessitated
by the absence of concurrent surface and upper air soundings on the
teletype schedules. It wa.s recognized that because of this time
difference, the differential analyses would not be exact. However, in
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general, the resulting error will be small; and since the same method
is used throughout, it should not detract from the value of the results.
For the preparation of prognostic charts, the thickness lines were
displaced with the speed of the normal components of the 700 mb. winds.
This procedure disregards the surface winds, but this departure is
thought to cause only minor errors for the following reasons. Surface
winds are normlly light compared to upper winds, and they extend only
a short distance above the surface. The winds on the surface change
direction and speed quite rapidly during a 12 hour period, particularly
near low pressure centers, and a representative surface wind for the
period is difficult to obtain.
When the speeds of the norml components of the 700mb. winds were
calculated, the thickness lines were IOOved vlith these speeds for 12
hours. Since the velocity of the norml components of the vlinds
usually varied along any one thickness line, changes in orientation of
the line would be forecasted. This procedure was performed on each
line, and a prognostic pattern obtained for a period 12 hours later.
The actual thickness pattern obtained 12 hours later was then
compared to the constructed prognostic pattern for that time. Comparison
of the two sets of lines gave the differences between the calculated and
observed movements. The differences were then tabulated along with the
winds speeds. This procedure was continued from chart to chart through-
out the month.
The whole set of prognostic charts was then recomputed using a
vector average of the current 700 mh. winds and the 700 mb. winds 12
hours later. This, of course, is a better approximation of the advective
term since the use of only the current winds asswnes that these winds
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will not change for the next 12 hours. In a surprisingly large number
of cases, the wind renained constant, or nearly so, for the J2 hour period.
The recomputed wind speeds, when applied to the thickness line movements,
however, considerably reduced nany large errors which were observed in
using only the current winds.
The tabulations were divided into two major subdivisions, (a)
current winds, and (b) combined winds (current winds averaged with the
winds 12 hours later). Each subdivision VlaS further divided in the
following manner:
(a) 1fovement of thickness lines, north advection.
(b) Movement of thickness lines, south advection.
(c) Movermnt of thickness lines, north advection,
\vith precipitation.
(d) Movement of thickness lines, south advection,
with precipitation.
(e) Movement of thickness lines, north advection,
with no precipitation.
(f) Movement of thickness lines, south advection,
with no precipitation.
(g) Total advection, north and south, with
current winds.
(h) Total advection, north and south, with
combined winds.
A frequency table for each classification (a) to (h) ,vas made.
Winds were grouped at 4 knot intervals, 6-10 kts, 11-15 kts etc. The
differences between calculated and observed movements of the thickness
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lines; called errors for simplicity, were grouped at &:J nautical mile
intervals, 61-120 miles, 121-180 miles etc. The frequency of occurrance
of each error with each wind group prevailing comprised the frequency
tables. Then the mean value of each group, both wind speed and error,
was used to represent the group, ~e., 6-10 kts had a mean value of 8
knots, 61-120 miles had a mean value of 90.5 miles.
Finally the weighted Iman error for each mean wind speed vas
computed by the following formulas.
x:::.!Lf~N .
In a normal distribution approximately 63% of the frequency is
contained in the area under the curve between'" u:; on either side of
. -
%, if 'i is the mode of the curve. This gives an estimate of the
dispersion of points about x.
In this manner, data was obtained for curves of wind speed versus
error representing the classifications (a) to (b). Errors were divided
into plus and minus. The former occurred when the prognostic thiclmess
line moved faster than the actual thickness line; and the latter, when
the actual thickness line moved faster than the prognostic line.
In addition to the prognostic charts described above, analyses
giving the mean virtual temperature (m.v.t.) lines for the layer 1000-
700 rob. were made for the 2300 (EST) soundings for the period November
5-10. The purpose' here was to compare the actual m.v.t. lines to those
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obtained by differential analyses of the 19.30 (EST) sea level and
2.300 (EST) 700 ni>. charts, and further, to determine any differences
in the movements of the two sets of lines. Only the region east of
the Rocky !Its. was used in the analysis since the thickness lines





An outsta.nding point for the mnth investigated was the
persistance of the 700 mb. winds in speed and direction for a 12
hour period. Of the values obtained with the use of current winds
for movement of thickness lines on prognostic charts, over 900
measured points, only 20% of these winds changed in speed or direc-
tion during the next 12 hours. That is, 20% of the current wind
computations were sufficiently inaccurate to necessitate the use of
a vector average of the current winds and the winds 12 hours later.
However, some large discrepancies/between computed and actual
movements of the thickness lines were removed when the combined winds
were used in place of the current winds. In addition, the mean values
of thickness line speed for each wind speed were closer to the vlind
speed in every case of the combined winds. The standard dIwiations
showed much better grouping of points about the mean value for the
data of combined vlinds. With current winds, the dispersion is quite
large at times indicating a small percentage of frequencies occurring
near the mean value.
Another outstanding point was the strong tendency, at wind speeds
of 5 knots and less, for the thickness lines to m:>ve with a speed
greater than that of the wind speeds. In this paper, wind speeds mean
the components of the actual 700 mb. winds normal to the thickness
lines. Even when the combined winds were zero at a particular point,
there were nany cases of an apparent drift of thickness lines. This
drift was always in the direction of the general advection within a
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radius of about 300 miles of the point, provided no precipitation was
occuring. Evidence of this may be seen in the 5 knot column of Table
15 where the movement of thickness lines was greater than 100% of the
normal component of the vf.lnd speeds.
The results presented here are divided into the groups (a) to (h)
described in Chapter II. The collected data was assembled primarily
to distinguish the differences, if any, between movements of thickness
lines vlith north and south advection, as Sh01'ffi in groups (a) and (b).
These results 'were further divided separating the movements with
precipitation in the area from IIlOvem:mts with no precipitation. These
cases comprise groups (c) to (f). In addition, each group of (a) to
(f) was separated into cases of combined and current winds. Finally,
groups (g) and (h) show a comparison between current and combined
winds. This data includes north and south advection, with and without
precipitation.
The curves for these groups are constructed in figures A to E.
The ordinates represent error in miles, or the difference in movement
between the prognostic and actual thickness lines •. For example, a
plus error of 100 miles at 20 knots indicates that the prognostic line
at this wind speed was 100 miles ahead of the actual thickness line.
Therefore, the' movement of the prognostic line must be reduced by 100 .
miles in order for it to be coincident with the actual thickness line.
On the other hand, a like minus error would indicate the reverse. The
prognostic rrovement would require an addition of 100 miles to make it
conform to the actual thickness liYle movement. In the following
paragraphs each curve will b~ described separately.
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1. Advection from the north and south.
See tables 1-4, figures Al and A2 • Figure Al shows two curves,
one for north and one for south advection using combined winds. These
values are computed lvithout regard to the fall of precipitation.
Figure A2 is similar to Al except that current winds were used in the
computations.
In both cases, the curves for advection from the south show
larger differences between prognostic and actual thickness line move-
ments than the curves for advection from the north. This can be
attributed to the more wide-spread precipitation and larger cloud
systems generally associated with southerly flow, as later data w:i.l1
show. The discrepency, or error, becomes quite large at high wind
speeds. At 25 knots the thickness lines move 'with only 58% of the
wind speed when the flow is from the south. 'With advection from the
north, there appears to be only small differences betvreen figures Al
and A2 • The dif.ference between the actual and prognostic movement is
smaller with combined winds than with current winds.
Tables 1 to 4 are the frequency compilations for these curves.
Despite the small differences observed in figures Al and A2 , the tables
show that there is an advantage in using combined winds. The standard
deviations about the mean values are smaller in this case indicating a
better clustering of points about the mean. This applies at low and
moderate wind speeds only since the data at higher wind velocities is
too sparse for a good estimate.
2. Advection from north and south, no precipitation.
See tables 5-8, figures BI and B2 • The curves in figures BI and
B2 have two outstanding points • 'When no precipitation is present and
11
TABIE 1
COW3INED WINDS, NORTH ADVECTION
Standard Number or
Wind Speed Error Deviation Observations
0-5 kts. - 13 miles .:!; 87 miles 136
6-10 ... 6 .:!: 58 104
11-15 + 25 Z 70 103
16-20 + 57 .:!;110 66
21-30 + 52 .:!:1W 60
21-40 + 68 ~ 74
TABLE 2
COMBINED WINDS, SOurR ADVECTION
Standard Ntunber or
Ylind Speed Error Deviation Observations
0-5 kts. - 38 miles '! 81 miles 136
6-10 .,. 3 .t 89 109
11-15 + 33 .. 85 92
-
16-20 + 78 + 88 41
-
21-40 +156 .:!;106 38
32.
TABlE 3
CURRENT VlJlIDS, NORTH ADVECTION
Standard Nwnber Of
\'lind Speed Error Deviation Observations
0-5 h.-ts. - 31 miles =74 miles 214
6-10
- 5 .!: 70 81




-to 73 +110 53
-
TABIE 4
CURRENT WINDS, SOtJrH ADVECTION
Standard Number Of
Wind Speed Error Deviation Observations
0-5 kts. - 53 miles !: 90 miles 161
6-10 +14 = 98 88
11-15 + 49 ± 90 93
16-20 ... 81 ... 82 43
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advection is from the south, the thickness lines move with speeds nearer
to the wind speeds than lines in north advection. This fact is opposite
to that shovm in figures Al and A2. Here, the precipitation apparently
caused the thickness lines to move at a lIDJ.ch lower percentage of wind
speed than that in::licated in figures Bl and B2. Another point of note
is that while there appears to be little difference in the A and B set
of curves for north advection, there is a very large difference in the
case of advection from the south. This difference can amount to 25% of
the wind speed at 20 knots.
In comparing current and combined winds in figures Bl and B2 , no
large discrepencies are noted. Both north and south advection, with
combined winds, require approxinately the same percentage of wind speed
for correct lOOvement of thicknes s lines. For current winds a small
difference appears, but the latter is never more than 12% of the wind
speed.
Analogous to tables 1-4, tables 5-8 show that the standard
deviations about the mean for combined winds up to moderate 'wind
velocities are snaller than in the cases of current winds. This appears
common to all data in these tests. Although the curves may indicate
littIe difference in percentage of wind speed to be used, the standard
deviAtions show that, on the average, the use of combined winds l'dll
give lOOvem.ents of thickness lines closer to the values obtained from
the curves than by using current winds.
Within the limits of accuracy expected in differential analysis,
the curves in figure Bl could be combined into a mean curve for both
cases. There appears to be no essential difference in the movements of
thickness lines between the two directions of advection when no
l6~
TABLE 5
COMBINED WINDS, NORTH ADVECTION, NO PRECIPITATION
Standard Number Of
Wind Speed Error Deviation Observations
0-5 lets. - 20 miles !: 76 miles SS
6-10 ,. 10 .:!: 4S SI
0-10 + 4 =. 67 169
11-15 ... 18 ... 62 69
-
16-20 + 54 +101 47
-
11-20 + 34 ±S2 116
21-40 ,. 30 : 69 36
-TABlE 6
'COMBINED VIDIDS, SOUTH ADVECTION, NO PRECTI':ITATION
Standard Number Of
Wind Spe'ed . Error Deviation Observations
0-5 kts. - 30 miles ... 56 miles S3
-f-
6-10 ,. 13 :44 56
0-10
-14 :57 139
'il-15 + 10 !:. 69 61
il-20 ,. IS j;. 76 77




CURRENT V1DmS, NORTH ADVECTION, NO PRECIPITATION
Standard Number Of
Wind Speed Error Deviation Observations
0-5 kts. - 23 miles .:!: 79 mUes 161
6-10
- 17 .:!: 58 55
11-15 +41 :!:. 77 58
16-20 ... 69 .! 92 42-
21-30 ... 68 .:!: 96 30
TABIE 8
CURRENT VIDIDS, SOUTH ADVECTION, NO PRECIPITATION
Standard Number Of
Wind Speed Error Deviation Observations
0-5 kts. - 54 miles .:!: 72 mUes 106
6-10
- 4 .:!: 67 55
11-15 ... 20 .:!: 70 55
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precipitation is present and combined winds are used.
3. Advection from north and south, with precipitation.
See tables 9-12, figures Cl and C2 • Figures Cl and C2 shovl only
minor differences between the two set of curves at wind speeds of 10
knots and above. In fact, little or no error would be incurred if only
one set of curves, either Cl or C2, was used for both. The difference
in either case between north and south advection is between 20-25% of
wind speeds, with thickness lines of south advection moving with a
lesser percentage of wind speed than lines of north advection.
Beside the fact that the thickness lines move at considerably less
than lO~ of the wind speed in areas of precipitation, tables 9-12
indicate that a large dispersion of values about the mean can be expected.
'Whether one uses combined or current winds appears to be of little
significance. The spread of the frequency of error occurances with each
wind speed is large, particularly at low wind speeds. The curves should
be used only as a qualitative guide as to what may be expected, rather
than for numerical values.
4. Total advection, north and south.
See tables 13 and 14, figure Dl • Figure Dl combines all the data
presented in the previous' sections of this chapter. It does not differ-
entiate between north and south advection but only between the cases of
precipitation and no precipitation. Furthermore, the curves are
presented to show the differences in the cases of current and combined
"linds. It is i.mIredia.tely evident from the curves that when precipi-
tation is occurring, the use of current instead of combined winds
produces only snall differences. The err~rs are large in either case,
the average movement of the thickness lines being- about 55% of wind
TABLE 9
COMBINED 'WINDS, NORTH ADVECTION, 1VITH PRECIPITATION
Standard Number Of
Wind Speed Error Deviation Observations
0-10 kts. - 26 miles .: 94 miles 71
11-20 'to 49 '!:a107 54
21-40 'to112 ,:t13B 2B
TABLE 10
COMBINED WINDS, SOUTH ADVECTION, WITH PRECIPITATION
Standard Number Of
Wind Speed Error Deviation Observations
0-10 kts - 15 miles 'to110 miles en
11-20 ,. 94 :! 94 51
21-40 +189 ... 80 25
22
TABLE 11
CURRENT ~m'IDS, NORTH ADVECTION, VIITH PRECIPrrATION
Standard Number or
Wind Speed Error Deviation Observations
0-10 kts. - 40 miles .:!: 104 miles 69
11-20 + 52 ± li6 48
21-40 +117 =126 31
TABLE 12
CURRENT WINDS, SOUTH ADVECTION, WITH PRECIPITATION
Standard Number or
Wind Speed Error Deviation Observations
0-10 kts. - li miles .! ]20 miles 88
11-20 +103 + 94 (J)
-
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speeds above 15 lmots. When no precipitation occurs, the use of
combined winds will give a thickness line movemmt nearer the speed
of the winds. Again, one curve would suffice for each case, precipi-
tation and no precipitation, without introducing appreciable error.
However,when comparing movements in precipitation areas against
movements in areas of no precipitation, the differences in thickness
line speed are very large. This difference can amount to almost 30%
of the wind speed above 15 knots. It is evident that in the prepara-
tion of prognostic thickness line charts, one must be able to forecast
the extent of condensation processes and use data from the correct
curve for movements in those areas, or considerable error will accrue.
With precipitation present, the standard deviations, as evidenced
in tables 13 and 14, are uniformly high. The accuracy of values obtained
from these curves is lower than that expected when no precipitation is
present. In the latter case ,the deviations from the mean are quite
low. Since this fact has also been observed in all the previous curves
and tables presented so far, one must expect departures in actual
prognostic chart construction from the values obtained from precipi-
tation curves.
Table 15 sU111IlBrizes all the results of this chapter. Data has
been selected from all the curves for each 5 knot interval of wind
speed and expressed in percentage of wind speed. The wind speeds in
the table must be regarded as midpoint values with a 2.5 knot interval
on either side of the mean value. For example, the error for 10 knots
will cover the ra~0'8 7.5 knots to 12.5 knots. The percentage of the
wind speeds to be used 'Vrill then be the actual percentage of the speed
which is included in this range. For "lind speeds betw'een zero and 2.5
26
TABLE 13
TarAL ADVECTION, COMBINED WIlmS, WITH PRECIPITATION
Standard Nwnber Of
'Vind Speed Error Deviation Observations
0-5 kts. - 47 miles = 99 miles 101
6-10 + 41 = 89 67
11-15 + 55 ±63 66
16-20 + 89 =105 39
21-30 +135 +128 41
-
21-40 +149 .:!;120 53
TOTAL ADVECTION, COMBINED VlnIDS, NO PRECIPITATION
Standard Number Of
Wind Speed Error Deviation Observations
0-5 kts. - 12 miles .:!: 72 miles 171
6-10 + 8 ::. 44 147
11-15 + 15 .:!; 66 130
16-20 + 53 .:!; 96 63
21-30 ... 42 + 82 41
21-40 +42 .:!; 80 46
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TABIE ]J~
TOT.!I.L ADVECTION, CURRENI' WINDS, WITH PRECIPITATION
Standard Number Of
Wind Speed Error Deviation Observations
0-5 ktS. - 53 miles .:!; 104 miles 108
6-10 + 33 .= ll2 54
0-10 - 26 .:!: 113 162




11-20 ... 85 =. 107 108
21-30 +140 .:!; 115 49
21-40 +156 +112 62
TOTAL ADVECTION, CURRENT WINDS, NO PRECIPITATION
Standard Number Of
Wind Speed Error Devi.a.tion Observations
0-5 kts. - 37 miles .:!; 72 miles 268
6-10 - 6 .:!; 66 115
0-10 - 27 :!. 75 383
11-15 .,. 20 i. 74 113
16-20 + 59 .:!; 96 65
11-20 + 34 .:!: 85 178
21-30 .,. 62 .:!: 98 41
21-hO ... 59 :!. 94 47
28
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knots it will be sufficientl.,v accurate to add thirty miles to the
expected movement of the thickness line in the direction of the
advection in the genera~ area.
5. Mean virtual temperature lines °
.See table 16 and figure Elo Analyses giving mean virtual tempera-
ture lines for the layer 1000-700 mbs. were made for the 2300(EST)
sounding and compared to the thickness line pattern from the evening
differential ana.lyses. It wa.s not.ed that in cold outbreaks from the
north there vms a strong tendency for the m.v.t. lines to be ahead of
the thickness lines but with advection from the south, the m.v.t. lines
lagged behind the thickness lines. In addition to these facts, the
thermal gradients of the m.v.t. lines appeared larger in areas of
frontogenesis than the gradient of thickness lines.
Part of these differences may be attributed to the fact that the
differential analyses combined a 1930 surface chart and a 2300 upper
air chart, while the m~v.t. lines were the actual temperatures at
2300. Aside from this difference, it is apparent from a study of these
charts that on the average, the mean virtual temperature of a particular
locality is lower than that indicated by the pattern of thickness lines.
No attempt was made to separate the movements into cases of precipi-
tation and no precipitation, since the amount of data studied was snail.
Table 16 represents the results of the compilation for the week of
November 5-10. Figure El presents the ti'TO curves using the weighted
averages from table 16. Since the test is not considered to be complete,
the curves in figure EI must represent only a tendency of the mean




PERCENTAGE OF WIND SPEED TO USE FOR MOm,rENT OF THICKNESS LINES
Type Of With Precip- No Precip-
Advection itation itation Wind Speed
.5 lets. 10 lets. 15 lets• 20 lets. 25 lets. 30 lets.
*(1) (2) (1) (2) (1) (2) (1) (2) (1) (2) (1) (2)
North Yes 133 166 85 87 73 72 70 68 69 68 69 68
South Yes 117 117 62 .50 50 48 47 44 47 46 47 48
North Yes 108 142 88 84 82 75 78 73 77 73 76 -
\....> South Yes 1.34 142 102 96 90 87 85 85 82 84 80t-' -
Total Yes 128 122 70 63 57 52 55 52 57 54 58 57
Total Yes 105 128 87 87 86 79 85 79 87 80 89 83
North Yea Yea 106 130 89 90 83 79 80 74 79 72 78 -
South Yes Yea 133 117 87 77 72 66 64 61 59 59 56 57
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The largest separations of the m.v.t. and thickness lines appeared
to occur, for two evenings in this period, when the thickness lines
were oriented east-west. Since the m.v.t. lines were to the south of
the thickness lines in the majority of the cases studied, this nay
possibly be due to the effect of radiational cooling at night. This
would obviously affect the 2300 soundings on which the m.v.t. lines are
based, causing a lower zooan virtual temperature for the layer.
Towards the east coast, however, from Cape Hatteras to Florida,
the m.v.t. and thickness lines were in reverse positions, with the
thickness lines to the south. In this case, the Gulf Stream had warm-
ed the air from the cool continent causing the m.v.t. lines to be
further to the north. This indicates that a coastal region would have
a higher mean virtual temperature for the 1000-700 rob. layer due to the
oceanic effect. Similar orientations of thickness and m.v.t. lines
were noted near the Lake region but the data appeared too inconclusive




In studying the relation between thickness line movements and the
winds normal to these lines, three areas of non-adiabatic influences
were noted. These areas were the Gulf and Great Lake regions, and the
coastal region of the southeastern United States.
The waters of these regions are considerably warmer in November
than the air in cold outbreaks which passed in their vicinity. Since
there was a rapid transfer of heat between the water and the overlying
air nnss, the speed of the thicknes s lines was considerably m:>dified.
These lines moved with only a very small percentage of the speed of
the winds normal to them, even when strong northerly winds vrere present.
In addition to this phenomenon observed with northerly winds, the
southeastern coastal region also had an effect on the movement of thick-
ness lines when the advection was from the south. Again, the modifying
influence of water apparently caused the thickness lines to move more
slowly than the winds, regardless of velocity. The surface layer of
air in this region is quite homogeneous with respect to temperature and
moisture due to the orientation of the Gulf Stream.
The errors noted above have not been separated from the computations
and their presence contributes to the large dispersions in some cases.
They comprise approximately 10% of the observations which were used to
compute curves A to D.
Besides these three areas, there were two situations appearing on
the 700 mb. chart which caused difficulty in prognostication. These
were aroas of closed contours over low pressure systems and of closed
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thicknes s lines •. In the forIOOr case, a thickness line in the vicinity
of a closed isohyptic low was subjected to rapid changes in wind
direction during the 12 hour period, and no correlation between move-
ments and wind speeds could be found. Frequent changes in type of
advection makes a forecast of movement almost impossible. As for the
circular thickness lines, they rarely retained their circular form
from chart to chart and their movement appeared to be closer to that of-'
a surface systembeloV1 the 700 mb. level than to the wind speed at that
level.
Table 15 surnIIL9.rizes the percentages of the norml component of the
700 rob. winds to be used in forecasting the movement of thickness lines
with various synoptic situations. Some general forecasting aids to be
used with combined winds may be stated here for emphasis.
1. Under all conditions, thickness lines move vdth less than
100% of the speed of the normal component of the 700 mb. winds, except
at very low wind velocities.
2. With precipitation present, the thickness lines move slower
than when no precipitation is present. The larger the area of precipi-
tation, the greater is this difference.
3. When the advection is from the south, the thickness lines
move with the highest percentage of wind speed when no precipitation
present, and with the lowest percentage with precipitation present.
4. When the advection is from the north, there is little
difference in the movemnt of thickness lines between the cases of
precipitation and no precipitation. This percentage difference is
less than 10% of the wind speeds above 8 knots. This rule does not
apply with wind speeds below 7.5 knots •
.
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5. When the 700 rob. flow is east-."'test, the use of current
winis will give results comparable to those obtained from the use of
combined winds due to the persistance factor of the 700 ~. winds
during the comparatively short period of 12 hours.
6. Thickness lines in the vicinity of the Great Lakes, Gulf
region, or southeastern coastal region of the U. S. are considerably
affected by non-advective processes and move with only a small percent-
age of the wind speed.
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